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[57] 



ABSTRACT 



This invention is a blood clot filter having an anchoring 
portion (402) which includes a generally cylindrical self- 
expanding body. A generally conical filtering portion (400) 
is axially aligned with the cylindrical body (402), has an 
open proximal end (406) coupled to a distal end of the 
anchoring portion, and an apical distal end (404). In a 
preferred embodiment, the filter portion (400) is formed 
from strands (410) of resilient material that extend from the 
apical distal end (404) to the open proximal end (406). The 
strands (410) form twisted pairs (408) that converge at the 
apical distal end (404). The strands (410) diverge from the 
twisted pairs (408) in crossing paths to form a pattern of 
open filtering cells (A)(B)(C). The filter also has hooks (413) 
coupled to the anchoring portion (402) and formed from 
compliant material having an original shaped that bends 
under stress yet returns to its original shaped when 
unstressed. 
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BLOOD CLOT FILTERING plastically defotmable material, temperature-sensitive shape 
memory material with a transition temperature around body 

FIELD OF THE INVENTION temperature, or elastic material having a core formed from 

_. . , . , , . . radiopaque material. The filter may be coated with a drug for 

This invention relates to blood clot filtenng. 5 ^ vivQ compatibility . The resilient elongated strands pre f. 

BACKGROUND erably extend from the proximal end of the anchoring 

> * 1 ' - portion to the distal apical end of the filtering portion. 

Blood clots that form in the lower part of the body may The elongated strands of the filtering portion may define 

migrate to the heart and may be subsequently pumped to the a plurality of neighboring filtering cells. According to one 

lungs. Small clots can be absorbed by the body without to embodiment, the neighboring filtering cells are preferably 

adverse effect. However, larger clots can interfere with the loosely coupled together at the respective areas of contact 

oxygenation of blood (e.g., on the order of 3 mm in diameter between neighboring cells. The neighboring cells are pref- 

and 10-30 cm in length) and can possibly cause shock or erably coupled together by helical twisting of portions of 

sudden death. respective elongated strands of neighboring cells. The por- 

Many transvenous filtering devices have been developed 15 tion of the twisted-together elongated strands are preferably 
for installation in the vena cava to prevent especially large capable of slight mutual separation to accommodate changes 
clots from reaching the lungs. These filters have fine wires in the shapes of the cells from the expanded to the corn- 
positioned in the blood flow to catch and hold clots for pressed conditions. 

effective lysing in the blood stream. Some of these devices According to another embodiment, the strands cross one 

are inserted into the vena cava by dissecting the internal 20 another and are slidably movable relative to each other at 

jugular vein in the neck or the femoral vein in the groin, their crossing regions. 

inserting a metallic capsule containing a filtering device to The generally conical filtering portion preferably com- 
the proper position in the vena cava, and releasing the prises at least two rings of cells, wherein the cells of each 
filtering device into the vena cava. More recently, filters ring are of substantially equal size and are spaced substan- 
have been designed for percutaneous introduction into the 25 tially the same distance from the apical distal end of the 
vasculature. filtering portion. The size of the cells in the rings is prefer- 
ably smaller for cells closer to the apical distal end of the 
SUMMARY OF THE INVENTION filtering portion than for cells located a greater distance from 
In one aspect, the invention features a filter sized and 30 the a P ical distal end of the filterin S P ortion - 
constructed to be compressed and passed through the vas- The elongated strands may be twisted together in twisted 
culature of a patient to be anchored against an inner wall groups of strands that converge at the apical distal end of the 
surface of a blood vessel for capturing blood clots in a blood filter portion. The strands forming each twisted group may 
stream passing therethrough. The filter comprises: an diverge from the twisted group and extend in paths there- 
anchoring portion comprising a generally cylindrical self- 35 from to the open proximal end of the filter portion, 
expanding body formed from resilient material, the gener- Preferably, the twisted groups are twisted pairs of strands 
ally cylindrical body having proximal and distal ends and that diverge in either straight paths or spiralling paths that 
defining an axial direction and having a structure of variable cross one another. 

size diameter expandable from a low-profile compressed The elongated strands of the filtering portion may be 

condition to a larger profile expanded condition, wherein the 40 spirally arranged with respect to one another from the 

resilient material urges the generally cylindrical body to proximal end of the filtering portion to the apical distal end 

radially expand and to thereby apply anchoring radial force of the filtering portion. 

against the inner wall surface of the blood vessel; and a The elongated strands are preferably selected to have 

generally conical filtering portion axially aligned with the sufficient rigidity to maintain the generally conical shape of 

generally cylindrical body having an open proximal end 45 the filtering portion. 

coupled to the distal end of the anchoring portion and having The self -expanding anchoring portion preferably com- 

an apical distal end, the anchoring portion and the filtering prises a ring of neighboring cells. The cells of the anchoring 

portion being substantially non-overlapping to achieve a low portion are preferably self-expanding. The cells of the 

profile compressed condition for delivery of the filter anchoring portion preferably cooperate to urge the generally 

through the vasculature. 50 cylindrical body of the anchoring portion to radially expand 

Embodiments of the invention may include one or more from a compressed condition to an expanded condition. The 

of the following features. The generally conical filtering neighboring cells of the anchoring portion are preferably 

portion is preferably formed from a plurality of elongated fixedly coupled together at respective areas of contact. The 

strands arranged to form a generally conical structure to cells of the anchoring portion are preferably formed from 

guide blood clots in the blood stream flowing therepast to the 55 one or more resilient elongated strands. When the generally 

apical distal end of the generally conical filtering portion for cylindrical body is in a compressed condition, the cells of 

lysing. The elongated strands forming the generally conical the anchoring portion are preferably elongated in the axial 

filtering portion are constructed and arranged to maintain a direction. 

generally conical shape whether the anchoring portion is in In another general aspect, the invention features a blood 

a compressed condition or an expanded condition. The 60 clot filter comprising: an anchoring portion formed from 

anchoring portion and the filtering portion are preferably resilient material having proximal and distal ends and hav- 

constmcted and arranged so that the proximal end of the ing a generally circular transverse cross-section defining an 

filtering portion conforms to the shape of the cylindrical axial direction, the anchoring portion further having a struc- 

body of the anchoring portion. The elongated strands are ture of variable size diameter expandable from a low-profile 

preferably fixedly attached to one another only at the apex 65 compressed condition to a larger profile expanded condition, 

of the generally conical filtering portion. The elongated wherein the resilient material urges the anchoring portion to 

strands may be formed from nitinol (nickel-titanium alloy), radially expand and to thereby apply anchoring radial force 
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against the inner wall surface of the blood vessel; a filtering BRIEF DESCRIPTION OF THE DRAWING 

portion axially aligned with the generally cylindrical body „ „ ,. 

having an open proximal end coupled to the distal end of the FIGS - 1 and 1A are diagrammatic side and end views of 

anchoring portion; and one or more hooks fixedly coupled to a filter ln an expanded condition. 

the anchoring portion formed from compliant material hav- 5 FIGS. IB and 1C are enlarged views of respective por- 
ing an original shape that bends under stress yet returns to tions of the filter shown in FIG. 1. 

its original shape when unstressed, said one or more hooks pics. 2 and 2A are diagrammatic side and end views of 

respectively tending to project from the anchoring portion at a filter in a compressed condition, 
an acute angle with respect to the axial direction for engage- 

ment with a vessel wall, the one or more hooks further being M J?G. 2B is an enlarged view of a portion of the filter of 
deflectable toward the anchoring portion for achieving a 

low-profile. FIG- 3 is a plot of radial expansion force provided by a 

Embodiments of the invention may include one or more filter as a function of the outer diameter of the filter, 

of the following features. The hooks are preferably formed FIG. 3A is a diagrammatic side view of a system for 

from nitinol. The hooks preferably preferentially bend measuring the radial force exerted by a filter as a function of 

toward and away from the vessel wall engaging portion. The 15 me outer diameter of the filter. 

hooks are preferably formed from flat nitinol wire having a 4 4 diagrammatic side views of a filter and 

width dimension and having a thickness dimension substan- fnrmin „ mc , nHr( .i <: „t jfflWn. in „ „ mwcc f„ r f a l,ri 

daily smaUer than the width dimension for achieving pref- & mmg mandrels at different stages in a process for fabri- 

erential bending; the flat nitinol wire being oriented lo that catm § the filter shown ln FIGS ' X ~ lb and 2 ~ 2B - 

the thickness dimension of the flat nitinol wire coincides 20 FIG. 5 is a diagrammatic side view of a filter being 

with a radial direction of the anchoring portion. The hooks delivered to a blood vessel. 

preferably preferentially bend toward and away from the FIG. SA is a diagrammatic side view of a filter anchored 

vessel wall engaging portion. in a D i ood vessel. 

Among the advantages of the present invention are the FIGS 6 and 6A afe diagrammatic side and end views of 

following. Because the anchoring portion and the filtering 25 a gj [er 

portion have constructions that are optimally designed for ' . , . , , „, 

their respective functions, the filter can have a low profile , . 6B * T £nlarged V ' 6W ° f a P ° rtl ° D ° f th6 flUer 

while providing a robust design that can readily accommo- shown m mG - 6 - 

date different vessel sizes. Furthermore, the anchoring por- FIGS. 7 and 7A are diagrammatic side and end views of 
lion serves to center the filtering portion. The filtering 30 a filter- 
portion of the filter should have a small enough capture FIG. 8 is a diagrammatic side view of a filter, 
cross-section to prevent large clots from passing there- FIGS. 8A and 8B are diagrammatic end views of the filter 
through. This requires a sufficient amount of filtering mate- 0 f pjo. 8 in an expanded condition and in a compressed 
rial (e.g., elongated strands) to reduce the capture cross- condition, respectively. 

section. Since the conical filtering portion according to the 35 FIGS 9 and 9A are diagran:ma ti c s i de and end views of 

present invention does not also have to support the filter in a fiUer in an expanded condit ion. 

the vessel, smaller-sized elements can be used to form the diagrammatic side and end views 
filter to achieve a lower profile. The profile of the present , . , , & 
invention can be made small, while providing substantially of a fflter m an ex P anded c ° ndltl0n - 
the same anchoring force and substantially the same filtering 40 FIGS - 11 aad 1LA are dia gr ammatic s i de ^ end views of 
efficiency as, e.g., a GREENFIELD® 24 Fr stainless steel a filte r m ™ expanded condition, 
filter (available from Medi-Tech, Inc. of Watertown, Mass., 
U.S.A.). The filter designs minimally disturb blood flow, 
while achieving a desirable level of filtering efficiency. Since 
the sizes of the cells of the filtering portion decrease from the 45 Referring generally to FIGS. 1-1C and 2-2B, a blood clot 
proximal end to the distal end, larger cells are positioned filter 10 includes a generally cylindrical anchoring portion 
near the vessel walls where the flow velocity is relatively 12 and a generally conical filtering portion 14 terminating at 
low and smaller cells are positioned in the central region of a closed, distal apical end 16. The cylindrical portion uni- 
the vessel where the flow velocity is highest and where the fbrmly exerts an outward radial force to anchor the filter in 
most effective clot lysing occurs. Without being limited to a 50 a blood ve **el (e.g., the vena cava) in which it is disposed; 
particular theory, it is believed that clots traveling with lower the exerted force being sufficient to prevent migration of the 
velocity do not pass through the larger size cells in the filter in the vessel. The generally cylindrical shape of the 
periphery of the conical filtering portion, but are instead anchoring portion conforms to the inner wall surface of a 
guided to the apical distal end of the filtering portion. Clots blood vessel and properly centers the filtering portion within 
traveling with higher velocities in the central region of the 55 the vessel. The filtering portion provides a conical mesh- 
vessel, which may otherwise pass through the larger size work across the blood vessel to catch and retain clots in the 
peripheral cells, are caught in the smaller size cells located blood stream. 

at the distal end of the filtering portion. Because the radial Cylindrical portion 12 is formed by a ring 18 of circum- 

force against the vessel wall is distributed along a length of ferentially arranged cells 20. Filtering portion 14 is formed 

the vessel wall a filter according to the present invention 60 by a series of three rings (22, 24, 26) of relatively loosely 

offers higher resistance to migration as well as less trauma connected cells (28, 30, 32, respectively). The size of the 

to the vessel wall. cells forming the rings of the filtering portion increases from 

Other features and advantages will become apparent from apical end 16 of the filtering portion to the proximal end 34 

the following description and from the claims. For example, of the filtering portion, which is adjacent the distal end 36 of 

the invention features a process for making a blood clot filter 65 the anchoring portion. 

and a method for treating a patient by implanting a blood Cells 20 of the cylindrical portion of the filter are defined 

clot filter into a blood vessel of the patient. by elongated strands 38 of resilient material (e.g., nitinol 
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wire). Neighboring cells are fixedly joined together at able from Shape Memory Applications of Sunnyvale, Calif., 

respective regions of contact 40, e.g., by spot welding, as U.S.A.). Each cell in the anchoring portion has four side 

described in detail below. Fixed regions of contact 40 enable portions about 13 mm in length. Filter 10 is collapsible to a 

cells 20 in ring 18 to cooperate to urge the anchoring portion diameter of 0.08 inch (about 6 Fr). The anchoring portion 

into an expanded condition (FIGS. 1-1B). The fixed regions s has an expanded outer diameter of 30-31 mm. 

of contact 40 also prevent the elongated strands forming The filtering portion includes three rings of cells of 

cells 20 from rotating about each other, which might cause decreasing size from the proximal end 34 to the distal apical 

hinging and locking between the cells in a manner distorting end 16 ' Each of the proximalmost cells in the filtering 

the cylindrical shape of the anchoring portion. In a com- P 0rtl0n has four Slde potions: two proximal side portions 

pressed condition (FIGS. 2-2B) the longitudinal length of 10 about 13 mm m len S th and ^o distal side portions about 15 

cylindrical anchoring portion 12 increases. mm in len § th ' Each of the intermediate cells m the filtering 

Conical filtering portion 14 is constructed from a series of P° rtio ° < has four , ^ portions: two proximal side portions 

rings (22, 24, 26) of relatively loosely coupled cells in a aboul 1S . ™ T?? f^Z* ™ ■ 

v . ' .. ./ ■ , , . mm m length. Each of the distalmost cells of the filtering 

manner preserving its generally conical shape whether the * ^ ^. Wq ^ ^ £ 

filter is m a compressed condition or an expanded condition. 15 , • , t . , . . , , . r, 

™ _ u . . j . j.j . • about 11 mm in length and two distal side portions about 9 

... , a- . . , , . . t ... & 4 condition is about 60 mm, with the filtering portion being 

cornea structure has sufficient structure lntepmtv to nrevent . .. . .. . . . .. 



. , . ^ t or ■ . . . t ' . . . CUUU1L1UU U> dUULU UU LULU, W1LU LUC ULLCLLUL" UUltLUU UOLUK 

conical structure has sufficient structural integrity to prevent , . ., ,, ' , . .- , • 

large clots in the blood flow from displacing the filtering t° u ltf 0 ^ * I L 1"%™* P ° , n 8 

structure. The size of the cells in the filtering portion arf 20 a ^ 2 <nm - length. Six hooks 44 are symmetrically 

, , . . „,•,,.,., , a i t- u u disposed about the anchonng portion at each of the fixed 

sdected to minimally disturb the blood flow which wo uld re ^ Qns Qf contact 4 „ Hooks & ^ ^ fmm flat nitinol 

otherwise encourage occlusion of the vessel), while still ? about mm and abou{ 

achieving a desired level of blood clot filtering. Q 15 mm thick 5 

In the embodiment shown in FIGS. 1-lC and 2-2B, the - Referrin to pjQ 3 the outward radia] expansion forces 

ce Is forming the filtering portion are coupled together by respectively exerted by six ,^5^^ filters of me type shown 

helically twistmg together respective portions of the e on- jn FIGS ^ and 2 _ 2B are lotted as a fanction of the 

gated strands defining neighboring cells. This coupling ou[£r diam£ter of cylindrical portion U , The measured 

permits some rotation about the joints in a manner that filters wer£ desi d ^ ^ specifications recited above . 

preserves the generally conical shape of the filtering portion, The exerted forcc ally varies Unearly with the diameter 

whether the filter is in a compressed condition or an of the anchoring portion> with the highest forces bcing 

expanded condition. exerted when the filter is in the lower profile conditions (i e ; 

Comparing FIGS. IB and 2B, in the expanded condition most compressed). Force levels of 0.01-0.07 pounds are 

(FIG. IB), the twisted wire portions 52, 54, coupling neigh- generally acceptable for a typical vena cava of 12-28 mm 

boring cells in the filtering portion of the filter, are tightly 35 diameter. Much higher force levels may cause the filter to 

wrapped about each other. However, in a compressed con- undesirably distort the shape of the vena cava. Also, much 

dition (FIG. 2B), wire portions 52, 54 move away from (and i ower force levels would not securely anchor the filter in the 

rotate about) one another to form gaps 56. This rotation or vena cava and tbe filter may be displaced, 

hinging prevents the build-up of internal forces within the ^ number 0 f ce i]s i n t h e anchoring portion and in the 

filtering portion, which could cause the filtering portion to 4Q filtering portion may be varied t0 achieve larger sizes or 

bow outward into a hemispherical shape, which would result higher forces For examp i e , to accommodate a so-called 

in less effective blood clot filtering. "mega-cava" having a diameter of up to 40 mm, the 

Referring back to FIG. 1C, a hook 44 formed from a expanded outer diameter of the filter should be selected to be 

section of flat nitinol wire is disposed within a tube 46 (e.g., about 42-44 mm and the number of cells in the anchoring 

a hypotube) and mounted at regions of contact 40 between 45 portion should be appropriately increased (e.g., nine cells 

neighboring cells in ring 18, which forms the cylindrical could be used) to achieve proper outward radial force 

portion of the filter. A central region of hook 38 is mounted exertion to anchor the filter in the vena cava without 

at regions of contact 40. Hook 44 is bent at its proximal and migrating or traumatizing the vessel. Instead of increasing 

distal ends to respectively form acute angles 48, 50 with the number of cells, the thickness of the wire used to form 

respect to the longitudinal axis of the cylindrical portion. 50 the cells could be suitably increased to provide the proper 

The bent ends of hook 44 are oriented in divergent direction amount of anchoring force. Alternatively, the exerted radial 

to prevent migration of the filter in proximal and distal force may be increased by providing additional welds at the 

directions. The nitinol hooks easily bend to conform to the distal end 36 (FIG. 1) of the anchoring portion at locations 

shape of the cylindrical surface of the anchoring portion to 126. This increases the structural integrity of each cell 20, 

achieve a low profile for delivery of the filter. When the filter 55 providing higher spring force under compression. The 

is released into a blood vessel, the hooks return to their bent exerted radial force may alternatively be increased by 

shape for engaging an inner wall surface of the vessel. Fewer changing the wire alloy or the degree of cold work, 

hooks may be used (e.g., three hooks symmetrically dis- Referring to FIG. 3A, the outward radial force exerted by 

posed about anchoring portion 12 may be used) to achieve a fii ter was measured using a force gauge 70 (e.g., a 

a lower profile for delivery of the filter. 60 Chattillon gauge) attached to one half 72 of a solid block 74 

In a presently preferred embodiment designed for filtering through which cylindrical hole 76 of a preselected diameter 

blood clots in a vena cava of about 28 mm diameter, is disposed. Block 74 was cut in half through a plane 

cylindrical portion 12 includes six cells formed from nitinol containing the longitudinal axis of cylindrical hole 76. A 

wire of 0.002-0.01 inch diameter, and preferably 0.008 inch filter to be measured was placed in hole 76. Amicrometer 80 

diameter (e.g., nitinol with an Ay between -10° C. and +5° 65 attached to the other half 82 of block 74 was used to close 

C. and constructed so that after drawing the wire has a the gap between the two halves of block 74. The force 

tensile strength of about 250,000 psi to 300,000 psi, avail- exerted by the filter was measured as a function of filter 
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diameter by performing the measurement with a series of 5A. Once the filter is released, the sheath and the pusher can 

blocks with different preselected diameters. be withdrawn from the patient as a single unit. 

Referring to FIGS. 4 and 4A, in a process for fabricating Referring to FIG. 5A, after the filter is released within 

a filter 10, a cylindrical thermally conductive mandrel 90 vessel 130, the self -expanding cells of the anchoring portion 

(e.g., formed from copper) is sized and constructed to 5 urge the anchoring portion to outwardly expand against an 

conform to the desired filter size and shape. Mandrel 90 inner wall surface 136 of vessel 130 with sufficient force to 

includes a plurality of anchoring pins protruding from its prevent migration of the filter through the vessel. Within 

outer surface in a pattern corresponding to the desired sheath 132 hooks 44 lie flat and conform to the shape of the 

cellular pattern for the filter. cylindrical portion to allow the filter to slide through the 

As shown in FIG. 4, the process for fabricating the 10 sheath, but when the filter is released from the sheath the 

anchoring portion of the filter includes the following steps. hooks spring outwardly from the anchoring portion of the 

A wire strand 98 is bent around an anchoring pin 100 to form fllter for engagement with wall surface 136. The expansion 

the proximal end of anchoring portion 12 of the filter. The of &t anchoring portion imbeds hooks 44 into the walls of 

two ends of wire strand 98 are pulled divergently downward * e ve ssel to further secure the filter within the vessel, 

to pins 102, 104 and through respective hypotubes 106 and 1S We note that FIGS. 5 and 5A are not drawn to scale, but 

108. The strands are bent convergently further downward to instead are drawn diagrammatically for purposes of illus- 

pin 110 (located about 23 mm distally from anchoring pin tration. 

100), below which they are helically twisted about each i a operation, the filter captures a blood clot 138 in blood 

other through two turns. The same steps are performed for flow 140 (e.g., on the order of 1 liter per minute) by guiding 

neighboring strands 112 and 114. Hooks 116, 118 are also the clot to the apical distal end 16 of the filtering portion, 

passed through hypotubes 106, 108. The respective hypo- Captured clots 142 are maintained in the central region of 

tube assemblies are joined by resistance welding under an the blood flow where the velocity is highest to achieve the 

inert gas shield using about 70 ounces of force and about 10 most effective lysing action. 

Joules of heat. ^ As mentioned above, the sizes of the ceUs in the filtering 

As shown in FIGS. 4A, the process for fabricating the portion are selected to be small enough to capture clots of a 

filtering portion includes the following steps. The previously specified size with a desired level of efficiency (e.g., with 

formed anchoring portion 12 of the filter is positioned about clot capturing efficiency and patency comparable to a 

a cylindrical portion 92 of a mandrel 93 (e.g., formed from GREENFIELD® 24 Fr stainless steel filter, available from 

aluminum or stainless steel), which includes a conical por- 3Q Medi-Tech, Inc. of Watertown, Mass., U.S.A.). Thus, it is 

tion 94. The ends of strand 98 are pulled divergently desirable to reduce the size of the cells to increase the 

downward to pins 120, 122 (located about 22 mm proxi- efficiency of clot capture. However, smaller cells create 

mally from the distal end 123 of mandrel 91), below which greater turbulence in the blood flow, encouraging clot for- 

the strands are helically twisted through two turns with mation on the filter that may result in the occlusion of a 

respective ends of neighboring strands 112, 114. The ends of 3J vessel. A filter according to the invention minimally disturbs 

strand 98 are convergently pulled further downward to pin blood flow, while achieving a desirable level of filtering 

124 (located about 8 mm proximally from the distal end 123 efficiency. The sizes of the cells in the filtering portion 

of mandrel 91), below which the ends of strand 98 are decrease the closer they are to the apical distal end 16. Thus, 

helically twisted about each other through about 4-7 turns to cell size in the filtering portion varies inversely with blood 

the apical distal end of the filtering portion. The resulting six 4Q flow velocity: larger cells are positioned near the vessel 

pairs of helically twisted strands are passed through a short walls where the flow velocity is relatively low and smaller 

hypotube (not shown), the top of which is TIG welded to cells are positioned in the central region of the vessel where 

securely fix all of the strands. the flow velocity is highest. Clots traveling with lower 

A metallic wire is wrapped about the filter/mandrel velocity do not pass through the larger size cells in the 

assembly to tightly secure the relative positions of the 45 periphery of the conical filtering portion, but are instead 

elongated wire strands defining the cells in the anchoring guided to the apical distal end of the filtering portion. Clots 

and filtering portions. The filter and the forming mandrel are traveling with higher velocities in the central region of the 

then placed in an oven set to a temperature of about 450° C. vessel, which may otherwise pass through the larger size 

for a period of 15 to 20 minutes. Prior to this heat treatment peripheral cells, are caught in the smaller size cells located 

the nitinol wires are relatively malleable, but after heat 50 at the distal end of the filtering portion, 

treatment the nitinol wires strands preferentially maintain Other embodiments are also emncompassed by the inven- 

their shape. Once the mandrel has cooled the anchoring pins tion. Referring to FIGS. 6-6B, a blood clot filter 150 

are removed and the filter is removed from the mandrel. includes a generally cylindrical anchoring portion 152 and a 

Referring to FIGS. 5 and 5A, a blood clot filter 10 is generally conical filtering portion 154. Anchoring portion 

delivered to a desired location within a vessel 130 (e.g., a 55 152 includes a ring of cells 156 and is constructed in a 

vena cava having a diameter on the order of about 20 mm) similar manner as anchoring portion 12 of filter 10, shown 

through a previously inserted teflon sheath 132. Sheath 132 in FIGS. 1-1C and 2-2B. Filtering portion 154 is formed 

having an outer diameter on the order of about 3 mm is from six spirally arranged legs 158 terminating at an apical 

inserted percutaneously, e.g., via a small opening (on the distal end 160. 

order of 9 Fr (about 0.117 inch)) in the groin and into the 60 Legs 158 of the filtering portion of the filter are twisted 

femoral vein of a patient. A pusher 134, extending proxi- through 90° over a length of about 32-34 mm. Twisting legs 

mally to a location outside of the patient, is used to advance 158 creates a series of spirally arranged cells 162. The 

filter 10 through the sheath. Once the distal end of the sheath projection of legs 158 in a plane transverse to the longitu- 

is properly positioned in vessel 130, pusher 134 advances dinal axis of the anchoring portion reveals that the cells 

filter 10 to the distal end of the sheath and holds filter 10 in 65 defined by legs 158 decrease in size from the peripheral edge 

the desired position in the vessel. The sheath is then pulled of the filtering portion to the apical center; the amount of 

back, releasing the filter within vessel 130, as shown in FIG. reduction being determined by the twist pitch (degrees of 
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rotation per unit length) and the number of legs 158 in the 310 are hidden in the figures. The wire is preferably about 

filtering portion. This reduction in cell size achieves an 0.008 inches in diameter, and L can be between 0.2-0.5 

advantage similar to the advantage achieved by the reduc- inches and is preferably approximately 0.25 inches. The 

tion in cell size in the embodiment of FIGS. 1-1C and 2-2B, twisted pairs 308 diverge from each other as they spread 

as described above. 5 from the center in paths substantially along the surface of an 

As shown in FIG. 6B, legs 158 are formed from pairs of imaginary cone, 

elongated strands of resilient material (e.g., nitinol wire) At the end of distance L, the strands 310 of each twisted 

164, 166 helically twisted about each other. Strands 164, 166 pair 308 diverge from each other in opposite spirals. Strands 

correspond to the respective ends of strands 168 that are bent 310, spiralling in a first sense, are indicated in FIGS. 9 and 

into a V-shape to form the proximal end of anchoring portion 10 9a by a single prime mark ', and strands spiralling in the 

152. Twisting strands 164, 166 increases the rigidity of legs opposite sense are indicated with a double prime mark " . The 

158 for maintaining the structural integrity of the generally pairs of component strands 310 forming each of the twisted 

conical filtering portion. Increasing the rigidity of legs 158 pairs 308 are distinguished by letters a-f. 

also prevents clots from forcing their way past the filter by The strands 310 continue along the surface of the imagi- 

displacing the relative positions of the legs. " nary cone) until adjacent strands cross each other at crossing 

Referring to FIGS. 7-7 A, in another filter embodiment regions, or nodes I. Each of a first ring of six open, generally 

170, a generally cylindrical anchoring portion 172 is con- diamond-shaped cells, A, is thereby defined. On two sides 

structed in a similar manner as anchoring portion 12 of filter next to the center cells A are defined by adjacently located 

10, shown in FIGS. 1-1C and 2-2B. A generally conical twisted pairs 308, and on the two more distant sides by 

filtering portion 174 is formed from six spirally arranged 20 oppositely spiralling individual strands 310 that cross at 

legs 176 terminating at an apical distal end 178. nodes I. Each cell A shares a side formed from a twisted pair 

Legs 176 of filtering portion 174 are twisted through 90° 308 with an adjacent cell A. 

over a length of about 32-34 mm, as in the filter embodiment The strands 310 cross in an overall woven relationship at 

shown in FIGS. 6-6B, creating a ring of spirally arranged 2J nodes I. Strand 310a' crosses over strand 3106 ', whereas at 

cells 180. However, each leg 176 is formed from the the next laterally adjacent node I, strand 3106' crosses over 

continuation of a single elongated strand (formed from, e.g., strand 310c", and so on, alternating about the central axis of 

nitinol wire) from the anchoring portion. To increase the the filter. The woven relationship establishes a slidable 

structural integrity of the anchoring portion and the filtering engagement of the crossing strands 310, permitting the 

portion, a series of spot welds 182 are provided at the distal J0 strands to slide relative each other at the nodes I during 

end of the anchoring portion, joining strands 184, 186 that radial compression or expansion of the filter, 

define cell 188. From nodes I the strands 310 continue in their generally 

As shown in FIGS. 8-8B, the anchoring portion 190 of a spiralling relationship, progressing along the general surface 

filter 192 may be formed from flat strands 200 (e.g., formed of the imaginary cone. The strands 310 reach and cross 

from superelastic material such as nitinol wire) having a 3S further oppositely spiralling strand 310 at nodes II. The 

rectangular cross-section. The anchoring portion of the filter strands 310 again cross in a woven, slidable relationship 

is shown in an expanded condition in FIG. 8 and in a such that each strand 310" that passed under a strand 310' at 

compressed condition in FIG. 8A. The flat strands are a node I now crosses over a different one of strands 310' at 

arranged in the form of a ring of cells 202 (e.g., six cells), a node II. 

with the number and size of the cells being selected to 40 A second ring of six open, four-sided cells B that are each 

provide a desired level of anchoring force. The width larger than cells A is thus defined adjacent ceUs A. Each cell 

dimension 204 (on the order of 0.5-0.7 mm wide) of flat B shares two short sides, located closest to the apical center 

strands 200 is oriented radially and the thickness dimension 304, with two adjacent cells A, and shares a node I with an 

206 (on the order of 0.05-0.15 mm thick) is oriented adjacent cell B on each laterally spaced corner. The two 

circumferentially. This strand orientation provides a high 45 short sides of each cell B are formed from strands 310 

radial force-to-compressed profile ratio. Also, use of flat diverging from one of the twisted pairs 308. For example, 

strands facilitates manufacture of the filter because there is strands 310a' and 310a" form two sides of one of cells B, 

more strand material available for welding. A filtering por- strands 3106' and 3106" form two sides of the next adjacent 

tion 194 (e.g., a conical filtering portion) may be formed cell B, and so on. Two other, longer sides of each cell B are 

from spirally arranged wires as shown or may be formed 50 formed from oppositely spiralling strands diverging from the 

from rings of cells, as in the filter of FIG. 1. The filtering next adjacent twisted pairs 308. For example, strands 3106" 

portion may be formed from the extension of flat strands and 310/ form the long sides of one of cells B that has short 

200. Alternatively, a filtering portion may be formed from sides formed from strands 310a' and 310a". 

round wire that may be joined to the flat strand anchoring The stran d s 310 continue spiralling from nodes II until 

portion by welding with a hypotube arranged as a universal- 55 [hey reach j oints at a third set of nodes m A third ring of six 

type hinge, or by using an adhesive or sutures. openj f our . s ided cells C, each larger than cells B and A, is 

Referring now to FIGS. 9-9 A, another embodiment of a thus formed. A corner of each cell C closest the apical center 

self-expanding filter, illustrated in an expanded condition, 0 f the filter portion is denned by one of nodes I. Two other 

includes a substantially conical-shaped filter portion 300 that corners farther from the apical center are formed from 

has a central apex 304 at one end and is joined at its other, <;o laterally adjacent nodes II. The fourth corner of each cell C 

open end 306 to an end of a cylindrical-shaped anchoring is formed from one of nodes III. Two sides of each cell C 

portion 302. In the expanded condition, the open end of the closest to the apical center are formed by strands 310 that 

filter portion is about 30-31 mm in diameter, and the filter form adjacently located long sides of two adjacent cells B, 

portion has a mean length that is between about 30-40 mm. for example strands 310c" and 3106'. Strands forming the 

Six pairs 308 of twisted strands 310 of resilient nitinol 65 two other long sides of the two adjacent cells B, in this 

wire extend in a mutually twisted relationship from the apex instance strands 310a 1 and 310d", continue past nodes II to 

304 of the filter for a first distance L. Some of the strands form two sides of that cell C farther from the apical center 
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304. While strands 310 joined at nodes III are not free to 
move relative to one another, strands 310 crossing at the 
other corners of cells C, at nodes I and II, are slidable 
relative to each other. 

Strands 310 diverge from nodes III, although not in a 
spiralling fashion. For example, strands 310a' and 310d" 
diverge at node III and then join with strands 310c" and 
3106', respectively, at nodes IV. A fourth ring of four-sided, 
open cells D is thereby formed, that are larger yet than cells 
A,B or C and lie close to parallel with the direction of flow 
Z. The strands forming each of cells D are fixed together 
where they cross at two nodes III and one node IV, but are 
slidable relative to each other at one node II. 

The strands connecting between nodes III and IV define 
the open end 306 of the conical filter portion 300. These 
strands 310 also form a boundary for one end of the 
anchoring portion 302. The anchoring portion 302 is formed 
of a fifth ring of six diamond-shaped, open cells E, that he 
along the inner wall of the blood vessel, parallel to the 
direction of blood flow. In the expanded configuration, the 
anchoring portion 302 is preferably approximately 25 mm 
long and approximately 30-31 mm in diameter. 

Strands forming two sides of each cell D that are farthest 
from the apical center 304 also form sides of two adjacent 
cells E. The strands diverge at nodes IV and intersecting 
strands are joined again at nodes V. In the preferred embodi- 
ment shown in FIG. 9, for example, strands 310a' and 310d" 
diverge from node III, are joined to strands 310c" and 3106', 
respectively at adjacent nodes IV, and diverge from nodes IV 
and are joined again at node V, which, in this embodiment, 
is actually a bend in a single strand. In some applications, it 
may be desirable to form a longer anchoring portion by 
simply forming one or more additional rings of diamond- 
shaped, open cells that lie along the lumen wall. 

Strands 310 are joined at nodes III and IV by positioning 
a small cylindrical sleeve 312 around a pair of strands and 
then by welding or crimping the sleeve 312 to the strands. 
The twisted pairs 308 are joined where they converge at the 
apex 404 by positioning a sleeve 314 over them and then 
welding or crimping the pairs 308 and the sleeve together. 

Hooks 313 are coupled to the anchoring portion 302 at 
nodes IV for engaging the inner wall of a blood vessel such 
that the filter will not slip out of position once emplaced. 

The structure of cells A, defined by the twisted pairs 308 
in the region adjacent to the center 304 of the filter portion 
300, achieves an open area that is relatively large in the 
central region of greatest blood flow rate in comparison to 
the case that would exist if the same number of strands 310 
commenced their independent spiralling at the center of the 
filter unit 300. The relatively open geometry obtained by 
twisting the strands 310 into pairs 308 before joining them 
at the center 304 enhances blood flow and clot-lysing action 
and reduces any tendency for forming new clots on the filter. 

The relatively large openings of cells A and the progres- 
sively larger cells B, C and D, while providing a relatively 
low flow resistance, are small enough to capture clots 
effectively, given the respective aspect angles that they 
present to the flow. 

Each filter cell A, B, C and D in this embodiment has at 
least one node formed by crossing strands that can slide 
relative to each other when the filter is radially or longitu- 
dinally deformed. Cells B and C intermediate the extremities 
of the conical structure have such slidable engagement at 
three nodes. 

The strands 310 spiral in gently arcuate paths between the 
twisted pairs 308 and nodes III. There are no sharp bends in 
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the strands where they cross at nodes I or II. This feature 
enhances the ability of the strands 310 to slide relative to 
each other at their crossing regions. The woven, crossing, 
and slidable relationship of the strands 310 at the nodes I and 

s II in this embodiment produces a structural integrity suffi- 
cient to maintain the desired conical structure and filtering 
aspect, while having a degree of sliding self-adjustability 
when compressed or expanded that contributes to the filter's 
ability to conform to various size vessels. 

io Referring now to FIGS. 10 and 10A, another embodiment 
of a self-expanding filter, illustrated in an expanded 
condition, includes a substantially conical-shaped filter por- 
tion 400 that has a central apex 404 at one end and is joined 
at its other, open end 406 to an end of a cylindrical-shaped 

15 anchoring portion 402. Like the filter illustrated in FIGS. 9 
and 9A this filter is about 28-30 mm in diameter in the 
expanded condition and the filter portion is about 30-40 mm 
long. 

Six twisted pairs 408a-/ of elongated strands 410 of 
20 nitinol wire extend from the apex for a distance Lj along the 
surface of an imaginary cone. The strands 410 forming each 
twisted pair 408 then diverge from each other at an angle and 
continue toward the open end 406 in approximately straight 
paths along the surface of the imaginary cone. Some of the 
25 strands 410 and twisted pairs 408 are hidden in the figures. 
The strands are referenced by letters a-f to indicate the 
twisted pairs from which they respectively originated. L a 
can range between about 0.2-0.5 inches, and is preferably 
about 0.25 inches. 

A first group of the strands 410 that diverge from the 
twisted pairs 408 in one direction, indicated by a single 
prime ', each cross under a strand 410 from an adjacent 
twisted pair 408 that diverges in the other direction, the 
3J second group of strands being indicated by a double prime". 
For example, strand 410a' crosses over strand 4106", strand 
4106' crosses under strand 410c", etc. The strands 410 are 
slidably movable relative to each other at the crossing 
regions, or nodes I, during expansion and compression of the 

40 Slt6r - 

A first ring of six diamond-shaped open cells A is formed 
by the twisted pairs 408 and the crossing strands 410. Each 
cell A has two sides near the apex 404 that are formed from 
adjacent twisted pairs 408, and two sides farther from the 

45 apex 404 that are formed from crossing strands 410 that 
diverge from those two twisted pairs. For example, one of 
cells A is formed from twisted pairs 408a and 4086, and 
strand 410a' that crosses under strand 4106". 

The strands 410 continue in substantially straight paths 

50 from nodes I to the open end 404 where pairs of strands are 
coupled together at nodes II, thereby defining a second ring 
of six diamond-shaped, open cells B. The distance 
between the points of divergence of the strands 310 forming 
the twisted pairs 308 and the nodes II is preferably approxi- 

55 mately 1.1 inch. Each of cells B is defined on two sides 
nearest the apex 404 by the two strands 410 that diverge 
from one of the twisted pairs 408 and the two strands from 
adjacent twisted pairs that cross the first two strands. For 
example, one of cells B is formed on two sides from strands 

so 410a 1 and 410a" that diverge from twisted pair 408a, and on 
two other sides from strands 410/" and 4106' that cross 
strands 410a 1 and 410a" respectively. 

The strands 410 diverge from nodes II and are each 
joined, at nodes III, with a strand diverging from an adjacent 

65 node II, thereby forming a third ring of cells C adjacent the 
open end 406 of the filter portion 400. For example, one of 
cells C is formed from strands 410a' and 4106" that cross at 
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a node I, are joined to strands 410c" and 410/ respectively In other embodiments, the Alter may be of the non-self- 

at adjacent nodes II, and each diverge therefrom and are expanding type, preferably delivered using a catheter having 

joined at a node III. Each of cells C includes only one an expandable balloon. The cells can be made of plastically 

crossing region, node I, at which the strands are slidably deformable material, which may be, for example, tantalum, 

movable relative to each other. 5 titanium, or stainless steel. 

The anchoring portion is formed from a fourth ring of six In stm other embodiments, the filter may be formed of a 

diamond-shaped cells D, each cell D sharing a side with tem p era ture-sensitive shape memory material with a transi- 

each of two neighboring ceUs C. The same strands that ^ te a ture around body temperature. The filter may 

diverge from a node II at one corner of each cell D again join then fee £ jn a essed condition in one tal _ 

at a node IV at an opposite corner of the ce 1 Adjacent nodes 1Q by crystalline phase transformation 

III form the other two corners of each cell D. For example, *\ 3 ' 

nodes ff, III', IV and III" form the corners of cell D', and when ex P osed t0 bod y temperature, 

nodes II", III", IV" and III" 1 form the comers of an adjacent In other embodiments, at least a portion of the filter may 

cell d<\ be formed from nitinol wire having a core of tantalum wire 

Filter portion 400 has one fewer ring of cells than filter or other radiopaque material, as described in U.S. Ser. No. 

300. Cells A and C are each formed from strands forming 15 07/861,253, filed Mar. 31, 1992 and U.S. Ser. No. 07/910, 

only one crossing region I where the strands are slidably 631, filed Jul. 8, 1992, both of which are herein incorporated 

movable relative to each other. The strands or twisted pairs by reference. This enhances the radiopacity of the filter so 

forming each of cells A and C are joined together at their that the filter may be viewed using X-ray fluoroscopy to 

other corners. There is only one intermediate ring of cells B, monitor placement and operation of the filter, 

and these cells each have only two nodes I where the strands 20 j n st jn omer embodiments, the filter may be coated with 

are slidably movable relative to each other. a drug f or j n v i vo compatibility prior to delivery into the 

The strands 410 diverging from the twisted pairs 408 in body. For example, the filter may be coated with heparin, as 

filter 400, like the strands 310 in filter 300, do not exhibit any described in U.S. Pat. Nos. 5,135,516 and 5,304,121, which 

sharp bends that would interfere with their ability to slide are herein incorporated by reference, 

relative to each other. This feature permits a smooth tran- 25 0ther em b 0 diments are within the scope of the claims, 

sition from the compressed state to the expanded condition. claim: 

Referring now to FIGS. 11 and 11A, another embodiment j. a filter sized and constructed to be compressed and 

of a filter intended for use in an especially large vena cava passed through the vasculature of a patient to be anchored 

has an expanded diameter of about 40-43 mm. This embodi- 3Q against an inner wall surface of a blood vessel for capturing 

ment is similar in most respects to the embodiment illus- blood clots in a blood stream passing therethrough, said filter 

trated in FIGS. 10 and 10A, however, it has an extra pair of comprising: 

strands 510. Each coaxial ring of cells in the filter portion an anc h orm g portion comprising a generally cylindrical 

500 has three coaxial rings of cells A, B, and C, and the self-expanding body formed from resilient material, 

anchor portion 502 has one ring D. Each ring includes seven 3J said g en e ra lly cylindrical body having proximal and 

cells instead of the six cells in each ring in the embodiment distal ends and ^fining an axial direction and having a 

illustrated in FIGS. 10 and 10A. structure of variable diameter that is expandable from 

Cells A and C each include one crossing region I of a low-profile compressed condition to a larger profile 

strands that are slidably movable relative to each other, and expanded condition, wherein said resilient material 

cells B each include two such crossing regions I. The strands 4Q ur g 6S sa id generally cylindrical body to radially expand 

defining cells D of the anchor portion 502, however, are and t0 thereby apply anchoring radial force against the 

joined together at their crossing regions. For example, nodes ju ner wa n surface of the blood vessel; and 

II', III', IV and III" form the corners of cell D', and nodes II", a ffltering portion aligned ^ said generaUy cylindrical 

III", IV" and III'" form the corners of an adjacent cell D". body> and having an open proxima i end SU pp 0r ted near 

In each of the embodiments illustrated in FIGS. 10 and 11, 45 t {j e d is ta i end of said anchoring portion, wherein the 

the strands 410, 510 are joined at nodes III and IV by filtering portion includes elongated strands structured 

positioning a small cylindrical sleeve 412, 512 around a pair to prov i de a capture cross-section that prevents large 

of strands and then by welding or crimping the sleeve 412, clots from passmg therethrouqh. 

512 to the strands. 2. The filter of claim 1 wherein said anchoring portion and 

Hooks 413, 513 are coupled to the anchoring portions 50 said filtering portion are substantially non-overlapping to 

402, 502 at nodes III for engaging the inner wall of a blood achieve a low profile compressed condition for delivery of 

vessel such that the filter will not slip out of position once the filter through the vasculature. 

emplaced. 3. The filter of claim 2, wherein said filtering portion is 

Although the invention has been described in connection formed from a plurality of the elongated strands arranged to 

with blood clot filtering in the vena cava, the present 55 form a generally conical structure to guide blood clots in the 

invention would also be useful for filtering clots in other bloodstream flowing therepast to an apical distal end of said 

areas of the vascular anatomy. For example, blood clot generally conical filtering portion for lysing. 

filtering may be useful in vessels leading to the brain. The 4. The filter of claim 3 wherein said elongated strands are 

filter used in such applications would be constructed of fixedly attached to one another only at the apex of said 

appropriate size and of appropriate material to provide <;o generally conical filtering portion. 

proper anchoring force against an inner wall surface of the 5. the filter of claim 3, wherein said elongated strands 

vessel in which the filter is disposed. define a plurality of neighboring filtering cells. 

In further embodiments, the respective strands 38 and 6. The filter of claim 5, wherein the cells are arranged in 

hooks 44 in regions of contact 40 (FIG. 1) in the anchoring a plurality of coaxial rings of neighboring cells, each ring 

portion of the filter may be joined together using laser 65 being progressively more distant from the apical distal end 
welding along a length of about, e.g., 2-3 mm, instead of and having cells that are larger than the cells of the ring next 

using a hypotube and resistance welding. closest the apical distal end. 
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7. The Alter of claim 6, wherein neighboring filtering cells at least one intermediate ring comprised of cells each 
are loosely coupled together at the respective areas of including only three of the crossing regions of rela- 
contact between neighboring cells. tively slidable strands. 

8. The filter any of claim 5, wherein neighboring cells are 18. Afilter sized and constructed to be passed through the 
coupled together by helical twisting of portions of respective 5 vasculature of a patient in a compressed condition and to be 
elongated strands of neighboring cells. anchored in an expanded condition against an inner wall 

9. The filter of claim 7 wherem the portion of the twisted surface 0 f a blood vessel for capturing blood clots in a blood 
together elongated strands are capable of slight mutual stream passing therethrough) said mter including a filter 
separation or rotation to accommodate changes in the shapes lion tha[ is substantially con i ca l-shaped in the expanded 
of said cells from the expanded to the compressed condi- 1Q condidQQ ^ having aQ apical ^ ejjd and an Qpen 

1O 10. The filter as in any one of claims 3-6, wherein said P rox ™ al f ead > the ™?l P° rtion ™*P**m ^° sets of 

elongated strands are spirally arranged from the proximal strands of s P m & ma ^ nal tha ' s Pf ? ln °Pposrte directions in 

end of said filtering portion to the apical distal end of said a crossing pattern, the strands being relatively slidable at 

filtering portion regions where they cross, in the expanded condition the 

11. The filter of claim 3, wherein said elongated strands I s crossing pattern defining a plurality of four-sided, open 
are selected to have sufficient rigidity to maintain the gen- cells, the cells bemg arranged in nngs having a common 
erally conical shape of said filtering portion in a flowing axis, the cells of each ring being progressively larger with 
blood stream. distance from the apical center, a first ring nearest to the 

12. A filter sized and constructed to be compressed and apical center comprised of cells each including only one of 
passed through the vasculature of a patient for anchoring 20 the crossing regions of relatively slidable strands, at least 
against an inner wall surface of a blood vessel for capturing one intermediate ring comprised of cells each including at 
blood clots in a blood stream passing therethrough, said filter least two of the crossing regions of relatively slidable 
comprising: strands, and a third ring nearest the open end comprised of 

a cylindrical anchoring portion having proximal and distal cells each including only one of the crossing regions of 

ends and defining an axial direction and having a 2S relatively slidable strands, wherein the cells of the first ring 

structure of variable size diameter expandable from a eacn comprise two sides closest to the apical center that are 

low-profile compressed condition to a larger profile formed of twisted pairs of the strands, wherein the twisted 

expanded condition; and pairs j oln at the ap j ca i center. 

a filter axially aligned with said generally cylindrical body 19. Afilter having a longitudinal axis, said filter sized and 

having an open proximal end supported from the distal 3Q construc ted to be passed through the vasculature of a patient 

end of said anchoring portion and having a distal end, ^ a radially compressed condition and to be anchored 

said filter defined by elongated spiral strands, against an inner wall surface of a blood vessel in a radially 

wherein said cylindrical anchoring portion and said filter expanded condition for capturing blood clots in a blood 

are substantially nonoverlapping to achieve a low pro- stream passing therethrough, said filter comprising a filter 

file compressed condition for delivery of the filter 35 portion that includes a distal end, an open proximal end of 

through the vasculature. variable size diameter, and elongated strands extending from 

13. A filter having a longitudinal axis, sized and con- the distal end to the open proximal end, the strands being 
structed to be compressed and passed through the vascula- twisted together in twisted groups which converge at the 
hire of a patient and to be expanded and anchored against an ^tal end to define common borders of a plurality of open 
inner wall surface of a blood vessel for capturing blood clots 40 filtering cells. 

in a blood stream passing therethrough, said filter compris- 20. The filter of claim 19, wherein the twisted groups of 

ing a filter portion having a closed distal end and an open strands are twisted pairs of strands that converge at the distal 

proximal end, the filter portion comprising two sets of e nd. 

strands formed of resilient material that spiral in opposite 21. The filter of claim 19, wherein the strands forming 

directions in a crossing pattern that defines a plurality of 45 eac h 0 f the twisted groups diverge from each other at a 

open cells, the strands being slidably movable relative to location between the distal end and the open proximal end 

each other at regions where they cross. and extend in paths therefrom to the open proximal end, the 

14. The filter of claim 13, wherein the cells are arranged strands diverging from the twisted groups and the twisted 
in a plurality of rings of neighboring cells, each ring being groups together denning the plurality of open cells, 
progressively more distant from the distal end and having 50 22. The filter of claim 21, wherein the path of each strand 
cells that are larger than the cells of the ring next closest the diverging from the twisted groups crosses the path of at least 
distal end. one other strand diverging from the twisted groups. 

15. The filter of claim 14, wherein the cells of a first ring 23. The filter of claim 22, wherein the strands diverging 
closest to the, distal end each comprise two sides closest to from the twisted groups are slidably movable relative to 
the distal end that are formed of twisted pairs of the strands, 55 eac ti other at regions where they cross. 

and wherein the strands of each twisted pair diverge from the 24. The filter of claim 21, wherein each strand is joined to 

twisted pair in the opposite spiral directions. another strand at the open proximal end. 

16. The filter of claim 15, wherein the twisted pairs 25. The filter of claim 21, wherein the cells are arranged 
converge at the distal end. in a plurality of rings of neighboring cells, each ring being 

17. The filter of claim 14, wherein the plurality of rings 60 progressively more distant from the distal end and having 
comprises: cells that are larger than the cells of the ring next closest the 

a ring nearest to the, distal end, comprised of cells each distal end. 

including only one of the crossing regions of relatively 26. The filter of claim 25, wherein the cells of a first ring 

slidable strands; nearest to the distal end and the cells of a second ring farthest 

a ring nearest the open end comprised of cells each 65 from the distal end each include one crossing region wherein 

including only one of the crossing regions of relatively the strands are slidably movable relative to each other, and 

slidable strands; and wherein the cells of a third ring between the first and second 
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rings each include at least two crossing regions wherein the 
strands are slidably movable relative to each other. 

27. The filter of claim 25, wherein each ring comprises at 
least six cells. 

28. The filter of claim 21, wherein the paths of the strands s 
that diverge from the twisted groups are substantially 

29. The filter of claim 21, wherein the paths of the strands 
that diverge from each of the twisted groups spiral in 
different directions. 10 

30. Afilter sized and constructed to be passed through the 
vasculature of a patient in a compressed condition and to be 
anchored in an expanded condition against an inner wall 
surface of a blood vessel for capturing blood clots in a blood 
stream passing therethrough, said filter including a filter 
portion that is substantially conical-shaped in the expanded 
condition, an apical distal end and an open proximal end, the 
filter portion comprising strands that extend from an open 
proximal end of the filter portion to an apical distal end, pairs 
of the strands forming twisted pairs that converge at the 
apical distal end, each of the strands forming each twisted 
pair diverging from the twisted pair near the apical distal end 
and extending there&om in an approximately straight path 
that crosses a strand from a neighboring twisted pair, each 
strand being joined to another strand at the open proximal 
end, the crossing strands being relatively slidable at regions 
where they cross, in the expanded condition the crossing 
strands and the twisted pairs defining a plurality of four- 
sided, open cells, the cells being arranged in coaxial rings, 
the cells of each ring being progressively larger with dis- 
tance from the apical distal end, the cells of a first ring 
nearest to the apical distal end and the cells of a second ring 
nearest the open proximal end each including only one of the 
crossing regions of relatively slidable strands, and the cells 
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axially aligned with the filter portion, formed of a resilient 
material that urges the self-expansible body to radially 
expand and apply anchoring radial force against the inner 
wall surface of the blood vessel. 

34. The filter as in either claim 1 or 12, wherein said 
self-expanding anchoring portion comprises a ring of neigh- 
boring cells. 

35. The filter of claim 34, wherein the cells of said 
anchoring portion are self-expanding. 

10 36. The filter of claim 34, wherein the neighboring cells 
of the anchoring portion are fixedly coupled together at 
respective areas of contact. 

37. The filter of claim 34, the cells of said anchoring 
portion are formed from one or more resilient elongated 

15 strands. 

38. The filter of claim 34, when the cylindrical body is in 
a compressed condition said cells of the anchoring portion 
are elongated in the axial direction. 

39. The filter of claim 33, wherein one or more hooks are 
20 fixedly coupled to said anchoring portion, the one or more 

hooks being formed from compliant material having an 
original shape that bends under a stress and that returns to its 
original shape when the stress is removed, said one or more 
hooks respectively projecting from said anchoring portion at 
25 an acute angle with respect to the axial direction for engage- 
ment with a vessel wall, said one or more hooks further 
being deflectable toward said anchoring portion for achiev- 
ing a low-profile. 

40. The filter of claim 39, wherein said one or more hooks 
30 are formed from nitinol. 

41. The filter of claim 39, wherein said one or more hooks 
preferentially bend toward and away from said vessel wall 
engaging portion. 

42. The filter of claim 39, wherein said one or more hooks 



of an intermediate third ring each including two of the 35 are formed from flat nitinol wire having a width dimension 



crossing regions of relatively slidable strands. 

31. The filter as in any one of claims 3, 13, 18, 19 or 30, 
wherein the strands are formed from a member of the group 
consisting of nitinol, a temperature-sensitive shape memory 
material having a transition temperature around body A 
temperature, a plastically deformable material, and an elastic 
material having a core formed from a radiopaque material. 

32. The filter as in any one of claims 3, 13, 18, 19 or 30, 
wherein the strands form a woven pattern such that the 
strands are slidably movable relative to each other at their a 
crossing regions. 

33. The filter as in any one of claims 13, 18, 19 or 30, 
comprising an anchoring portion supporting the open proxi- 
mal end of the filter portion, the anchoring portion compris- 
ing a self-expansible, substantially cylindrical-shaped body 



and having a thickness dimension substantially smaller than 
said width dimension for achieving preferential bending, 
said fiat nitinol wire being oriented so that the thickness 
dimension of said flat nitinol wire coincides with a radial 
direction of the anchoring portion. 

43. The filter of claim 34, wherein the strands extend 
beyond the open proximal end to form the body of the 
anchor portion. 

44. The filter as in any one of claims 1, 12, 13, 18, 19, or 
30, wherein said filter is coated with a drug for beneficial 
physiological effect. 

45. The filter of claim 44, wherein the drug improves in 
vivo capability. 



